INTRODUCTION
In the last years, extraordinary optical transmission through metallic films perforated with subwavelength apertures [1] has received great attention, not only for the rich physics behind the phenomenon [2] [3] [4] , but also because of its potential application in optics [5] [6] [7] [8] . Several phenomena are proposed to be involved into the extraordinary optical transmission, such as surface plasmon resonances [9, 10] , waveguide resonance [2] , cavity resonances [4] and dynamical diffraction [3] . Recently, the ideas initially developed for electromagnetic waves have been extended to the field of acoustics, although some differences make the acoustical case unique, i.e. acoustic waves can be transmitted through a subwavelength aperture [11] and sound can penetrate into the solid [19] . Acoustic transmission through subwavelength apertures has been investigated both theoretically and experimentally. Complete transmission through two dimensional hole arrays was predicted by Zhou and Kriegsman [12] .
Experimental verification of complete transmission for slit and hole arrays was reported by Lu et al. [13] and Hou et al. [14] , respectively. It was confirmed that the main contribution to the full transmission peaks were Fabry-Perot resonances in the holes.
Theoretical results for one and two dimensional arrays of square holes were reported by Christensen et al. [15] . Estrada et al. [16] reported that periodically perforated aluminium plates immersed in water can achieve lower ultrasonic transmission values than homogeneous plates. The influence of the filling fraction of holes and the lattice geometry in the transmission properties has also been studied [17, 18] . It has been also demonstrated [19] that the complex interplay between Fabry-Perot resonances inside the holes, lattice resonances in periodic arrays, and elastic Lamb modes governs the transmission properties of perforated plates. Liu and Jin [20] have predicted the existence of narrow dips within full transmission peaks due to phase resonances when the hole array unit cell is asymmetric.
The aim of this paper is to analyse theoretically the sound transmission through plates perforated with compound hole arrays resulting from two periodic arrays with a rigid solid model approximation. First, the model used to calculate sound transmission is presented and followed by a second part dedicated to analyse the numerical results. 
THEORY
where ( ) Under the rigid-solid assumption, zero normal velocity at the hole walls is assumed and the polar eigenfunctions inside the hole must satisfy ( )
Repeating the P holes periodically throughout the whole plate, they can be considered as a lattice basis with a unit-cell area S and defined by the vectors ( ) 1 2 , a a r r .
In this way, the coefficients
can be expanded as Fourier series, giving discrete expressions [22] for equations (1) and (3) ( ) 
where
is the reciprocal lattice vector of ( )
, a a r r , and
The objective is to determine the coefficients G The continuity of the normal velocity at 0 z = and z h = − yields ( ) ( )
( ) ( )
where ( ) integrating at the unit cell, considering the orthogonality of the exponential and the Bessel functions [23] , and using equation (6) 
is the complex conjugate of being this last integral analytically solvable [23] . Proceeding in the same way for pressure continuity at z h = − , but using equation (7) 
Once mn α ± are obtained , G β ± r can be calculated directly from equations (6) and (7).
The sound power radiated by an infinite plate is given by the expression [24] ( ) ( ) 
NUMERICAL RESULTS AND DISCUSSION
The numerical calculations are made considering square and a rectangular compound hole arrays as described in Fig. 2 . The compound hole arrangement consists in a primary square array which is decorated with a larger secondary array that can be square ( Fig. 2(a) ) or rectangular ( Fig. 2(b) ). The symmetry of the resulting structure is given by the symmetry of the secondary array. We can explore the transmission mm, and h=3 mm. Calculating transmitted sound power coefficient, τ, as a function of wavelength, λ, in the fluid at normal incidence we obtain Fig. 3 . The contribution of the primary (black) and the secondary (gray) is calculated separately for samples A (Fig.   3(a) ) and B (Fig. 3(c) ). Although Fabry-Perot hole resonances, which are mainly governed by the plate thickness, have a major effect in the appearance of full transmission peaks, the hole size and the period can shift considerably the peak position [17] . The transmission of the compound array is depicted in Figs. 3(b) and 3(d) for samples A and B respectively. At a first sight could seem that the compound array transmission curve is simply the addition of the primary and secondary array curves. In fact, the three transmission peaks provided by the simple arrays occur almost at the same wavelengths than for the compound arrays. However, as pointed out in [20] , destructive interference occurs between two transmission peaks leading to zero transmission. One remarkable feature of compound arrays is the existence of full transmission peaks for wavelengths smaller than the unit cell period. This property has not been observed for simple hole arrays so far. In addition, the first order full transmission peak of the primary array (Fig. 3(b) ) prevails over the Wood anomaly [25] minima of the secondary (compound) array at λ=8 mm.
In contrast to the simplicity found in [20] when studying the angular dependency of τ, a complex interplay between Wood anomaly minima, resonant interference minima and resonant full transmission is observed in the transmission dispersion plots from Fig. 4 . Again samples A (Fig. 4(a) and (b) ) and B (Fig. 4(c) and (d) ) are studied.
Plots at the right are the same than those at the left with the inclusion of Wood anomaly curves of the primary (white) and secondary array (black) to distinguish them from the resonant interference minima. The prevalence of the transmission peaks over the Wood anomaly minima is evident also when the incidence angle is varied. For both samples, the transmission maxima originated by the secondary array (first order Fabry-Perot) are flanked by the Wood minima whereas the first order transmission peak provided by the primary array is nearly flat. This can explain the angle dependence of the resonance interference which is different from that reported in [20] (Fig.6(a) ), 5 mm (Fig.6(b) ) and 10 mm (Fig.6(c) ). First order Fabry-Perot resonances are behind both transmission peaks when the plate thickness is small, as showed in Fig.6(a) . These peaks are shifted to larger wavelengths when we increase the plate thickness as in Fig. 6(b) with the addition of a new high transmission peak. If we further increase the plate thickness ( 
